(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
29 November 2001 (29.11.2001) 



PCT 


liiiiiBinifiiim^ 

(10) Interaational Publication Number 

WO 01/90297 Al 


(51) International Patent Classification^: C12M 1/30 
A61B KVOO 


(21) International Application Number: PCT/FIOl/00490 

(22) International Filing Date: 
(25) Filing Language: 


21 May 2001 (21.05.2001) 


(26) Publication Language: 

(30) Priority Data: 
20001254 


Rnnish 


English 


25 May 2000 (25.05.2000) FI 


(71) Applicant (for all designated States except US)x CEL- 
LOMEDA OY [Fl/FI]; BioCily, Tykistokatu 6 A. FIN- 
20520 Turku (H). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): HUOVINEN, 


Pentti [Fim]; Nikkarmaenkuja 1, FIN-20380 Toiku (FI). 
VILJANTO, Jouko [FI/Ftl; Terhokatu 18, FIN-20720 
Turku (FI). LdNNQVIST, Kurt [FIOT|; Nylandsgatan 
12 B 30, FIN-20500 Abo (FQ. MERIKALUO, Hannu 
[H/FI]; Pulmussuontie 13. FIN-20300 Turicu (FI). 

(74) Agent: TURUN PATENTTITOIMISTO OY; P.O. Box 
99, F1N-2Q521 Turku (FQ. 

(81) Designated States (national): AE, AG, AL, AM, AT AU 

AZ. BA. BB, BG, BR, BY, BZ, CA, CH. CN, CO, Cr] Cu] 
CZ, DE, DK, DM, DZ, EC, EK, ES, FI, GB, GD, GB, GII 

GM, HR, HU. ro, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW* 
MX, MZ, NO, NZ, PL, FT, RO, RU, SD, SE SG SI Sk] 
SL, TJ, TM, IR, IT. TZ, UA, UG, US. UZ. VN. Yu' ZA 
ZW. ' ' 

(84) Designated States (regional): ARIPO patent (GH GM 
KE. LS, MW, MZ. SD. SL. SZ. TZ. UG. ZW), Ei^iaii 
patent (AM. AZ, BY, KG, KZ. MD. RU, TJ. TM). European 

[Continued on next page] 
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(57) Abstract: The invention relates to a device intended for sample 
collection in the diagnostics of diseases, the device comprising a stick 
(1) and on the outer surface of its tip a porous part (2) which absorbs 
preserves and yields fluid and any cells, microbes and the like possi* 
bly present therein, which part is according to the invention a cellulose 
sponge, preferably a pressure molded cellulose sponge. The invention 
also relates to die use of die above-mentioned sample collection device 
for collecting a sample fiom an infected area containing Streptococcus 
pneumoniae and Neisseria gonorrhoeae bactma. 
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Device intended for sample collection in diagnostics of diseases and its use 


The present invention relates to a device intended for sample collection in diagnos- 
tics of diseases, and in particular to a device which comprises a stick and on llie 
outer surface of its tip a porous part which absorbs, preserves and yields fluid and 
any cells, microbes and the like possibly contained in the fluid. The invention also 
relates to the use of the above-mentioned device. 

Correct diagnosis is the cornerstone in the treattnent of diseases, such as infectious 
diseases. Correct diagnosis, in him, requires that a satnple as representative as pos- 
sible is obtained from die target of examination, such as an infected area, and tiiere- 
fore it is essential in terms of diagnosis to obtain a sufficient quantity of sample for 
testing. It is also important that the device used for sample collection is economical 
and simple to use, since fliese factors lower die threshold of sample collection and 
lower the costs of diagnostics. In terms of diagnostics it is not sufficient that a rep- 
resentative sample is obtained from die target of examination; it is necessary to pre- 
serve this sample in flie sample coUection device until the time of testing, and it is 
necessary for die sample in the sample collection device to be capable'of being 
transferred, for further investigation, for example, to a test tube or a Petri dish in 
such a mamier that tiie obtained sample represents the target of examination as pre. 
20 dsely as possible. 

Thrae are previously known sample collection swabs developed for the above- 
mentioned purposes, wherein tiiere is a wad at the tip of a stick, for example a 
wooden stick, which wad may be of cotton, a cotton-based material or artificial fi- 
ber. However, these materials are not especially absorbent, they do not very well 
absorb cells and microbes present in a fluid, it is difficult to determine from the wad 
wheflier it has in general absorbed any sample, since the wad does not sweU upon 
meeting a fluid, the material at die tip of die stick does not especially well keep 
aUve any cells and microbes which have possibly passed into it in a fluid, and the 
tiansfer of the sample to the point of testing may remain deficient Such prior- 
known san^le coUection swabs thus do not in the best manner fulfill die basic pr^ 
requisites of diagnostics with respect to as representative a sample collection as 
possible, good preservation of sensitive cells and bacteria, and as conq)Iete a trans- 
fer as possible for diagnosis of the recovered sample. Instead, fliese prior-known 
sample coUection swabs are indeed inexpensive, but, for the above-mentioned rea- 
sons, tiieir performance is not the best possible, and it is difficult to determine from 
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them whether any sample collection has even occurred. This is a problem in particu- 
lar when a sample is taken from body cavities, from which it cannot be seen 
whether there is in the sample collection area a sufficient amomit of sample material 
for sanqile collection. 

5 The object of the present invention is to eliminate tiie above disadvantages and to 
provide a device intended for sample collection in tiie diagnostics of diseases, the 
device comprising a stick and, on tiie outer surface of its tip, a porous part which 
absorbs, preserves and yields fluid and any cells, microbes and the like possibly 
present in the fluid. According to the invention the said porous part is a cellulose 
10 sponge. 

The use of a ceUulose sponge in sample collection is previously known. However, 
the cellulose sponge has been fitted inside flie sample coUection device, in which 
case the fluid to be tested is sucked or absorbed into tiie sample collection device, 
which may be, for example, a micropipette or an injection syringe (Copeland et al ' 
Invest Ophfliahnol Vis Sci. 1982 Jan 22:1, 103-10, and US patent pubhcation 
3,704,206) or a flexible capillary tube inserted into an operation wound (H patent 
pubUcation 77,569). However, such sample coUection devices are not suited for 
sample collection from targets for which sample collection swabs have been d^ 
signed. 
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The cellulose sponge on tiie outer surface of flie tip of die sample coUection swab 
according to flie present invention is preferably one which contains intercommuni- 
cating micro- and mactopores, flie miaoporBS being as large as possible, flie median 
of flie micropore distribution being preferably 5 - 15 pm, and tiie macropores are as 
large as possible, flie median of flieir distiibution bemg preferably 0.4 - 0.9 mm 
Such a ceUulose sponge absorbs weU a fluid and any ceUs, microbes and tfie like 
earned flierein, preserving fliem for long periods for the diagnosis of flie sample. 

The manufactijre of ceUulose sponge is prior known, and it has been described, for 
example, in H patent pubUcation 77,569. 

The ceUulose sponge on flie outer surface of flie tip of flie sample coUection swab 
30 according to tiie invention is especiaUy preferably of pressure molded ceUulose 
sponge having tiie advantage fliat, upon wetting, it sweUs vigorously, efficienfly 
absorbing fluid and, along witii tiie fluid, ceUs and microbes. Since flie ceUulose 
sponge is on flie outer surface of tiie swab, flie sample coUector is able at tiie same 
time to assess visuaUy from flie sweUing of flie ceUulose sponge wheflier tiie sample 
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coUection has succeeded, and even a smaU amount of fluid can be coUected with 
precision. The outer diameter of the compression molded ceUulose sponge at the tip 
of the swab according to the invention is in the dry state, for example, approxi- 
mately 1 - 10 mm and, when completely swollen, up to approximately 2 - 30 mm. 
Owing to its smaU outer diameter, the swab fits into even narrow cavities, wifli 
room to sweU in them, and owing to strong change of diameter, i.e. swelling, of the 
sponge, the success of san^le collection can easily be verified. 

The length of the stick-like part of the sample collection device accordmg to the 
mvention is preferably many times greater than the length of the cellulose sponge at 
Its hp, and the stick-like part is preferably of a flexible material, such as wood, plas- 
hc or metal. A long wooden stick has the advantage that it can be easily severed, for 
example, by pressing it against the mner wall of the test tube serving as the recipient 
of the sample, whereupon the ceUulose sponge and only (hat part of the wooden 
stick which has not been touched by hand remain in Ihe test tube. In other respects 
the flexibility properties of the stick are selected so that the cellulose sponge at its 
hp can be pressed with sufficiait force agamst the sample coUection surface. 

The present mvention additionally relates to the use of the above-mentioned sample 
collection swab for coUecting a sample fix)m an infected area with sensitive mi- 
crobes, such as Streptococcus pneumoniae and Neisseria gonorrhoeae bacteria It 
has been observed that such sensitive bacteria retain then: proliferation capacity for 
even long periods in the ceUulose sponge at the tip of flie swab accordmg to the in- 
vention, which is substantiaUy important in terms of correct diagnosis. 

hi its preferred embodhnent the mvention flius relates to a sample coUection swab 
which has on flie outer surface of its tip a pressure molded sponge having a prede- 
termined pore structure, and which is used for sample coUection in tiie diagnostics 
of diseases. Good absoiption of flie sample mto tiie ceUulose sponge swab can be 
seen as an increase m the volmne of flie ceUulose sponge. The ceUulose sponge ab- 
sorbs and yields a significanfly larger amount of sample material tiian do previously 
used sample coUection swabs. Furthermore, its abUity to preserve, for example, sen- 
sitive bacteria is better flian fliat of prior sample coUection swabs made of oflier ma- 
terials. 

The cornerstone in tfie treatinent of infectious diseases is flius correct diagnosis as 
noted above. In order to ensure correct diagnosis, a sample is taken fiom flie person 
exammed m order to identify die causative agent of tiie disease. Alfliough mefliods 
havmg different sensitivities are used m flie identification, flie amount of flie causa- 
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tive agent in the sample tested is essential in the methods. Therefore it is important 
to obtain as large a sample as possible for further investigations. When using the 
present-day sample collection devices the sample taker does not always know 
whether the sample is sufficiently representative, since it is not possible to estimate 
visually the absorbed quantity of the sample, especiaUy a small quantity. 

Since the costs of the microbiologic testing of a sample and the coUection of flie 
sample are considerably higher (> 100-fold) tiian tiiose of the sample coUection 
swab, miproving tiie quality of sample coUection increases die cost-efficiency of die 
entire process. 

The invention is described below in greater detail wifli reference to the accompany- 
mg drawings, wherein Figure la depicts the sample coUection swab according to the 
mvention before sample coUection and Figure lb depicts tiie sample coUection swab 
according to tho invention after being dipped in water, whereas Figures 2 and 3 de- 
pict bar diagrams of the amounts of brotii culture medium (BHD and human blood 
absorbed and yielded by die sample coUection swab according to tiie invention and 
a few sample collection swabs known per se. 

In Figures la and lb flie elongated stick, made of plastic, metal or wood, of ttie 
sample coUection swab according to die invention is indicated by reference num^al 
1 and die pressure molded ceUulose sponge part attached around its tip by reference 
numeral 2. A comparison between Kgures la and lb shows fliat tiie diameter of die 
completely swoUen ceUulose sponge part 2 of die sample coUection swab shown in 
Figure lb is significantly larger tfian in Kgure la, which indicates fliat die sample 
coUection has been successful. The diameter of even a completely swoUen ceUulose 
sponge part 2 is not substantiaUy larger flian fliat of previously known sample col- 
lection swabs, which is significant in terms of die success of sample coUection, for 
example, from a narrow nasopharynx or auditory canal. 

In Hgures 2 and 3, die capacity of die sample coUection swab accorduag to tiie in- 
vention to absorb and yield various fluids, measured in grams, is compared widi 
diat of known and widely used sample coUection swabs: Dacron®. SterUin® and 
Transpocult®. The wad parts of fliese known sample coUection swabs do not sweU 
upon bemg wetted, and die wad of die last-mentioned is of cotton, and die wads of 
die odier two are of artificial fiber (Dacron®). 

A comparison of a sample coUection swab according to die invention, comprising a 
pressure molded ceUulose sponge, witfi die above-mentioned known sample coUec- 
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tion swabs showed that it absorbs, measured in weight units (g), 1.3-1.9 times more 
and yields 3.5-4.6 times more sample material than do the control swabs The 
measurements were made before the swabs were dipped in the sample material af- 
tsr the absorption of the sample material, and after the sample swab had been ro- 
tated on the surface of an agar plate without breaking the agar surface. In the study 
the sample material used was a broth medium (BHI: brain heart mfiision broth) hi 
the diagram of Figure 2 and human blood in the diagram of Figure 3. 

The survival, after sample collection, of sensitive bacteria. Streptococcus pneumo- 
niae and Neisseria gonorrhoae, in the cellulose sponge swabs according to the in- 
vention and in the above-mentioned control swabs was studied at different tempera- 
tures and media. 

Example 1 

Conditions: Streptococcus pneumoniae bacterium; BHI medium (brain/heart infu- 
sion biotii); room tempetatiire; 4 different initial concentrations of the bacterial sus- 
pension within the range 7.75x 10E5 CFU/ml - 12x 10E6 CFU/ml; after the absorp- 
tion of the sample the swab was stored in a sterile closed glass tiibe- 
Tho comits of bacterial colonies, cultured on a blood agar plate, remained un- 
changed m tiie ceUulose sponge swab for 96 hours. In the Dacron® swab and die 
Stenhn® swab the colony counts decreased aheady after 6 hours, and after 96 houre 
the bactma were dead at all concentrations. With the Transpocult® swab, growth 
was observed at 96 hours at only two concentrations. 

Example! 

Conations: Streptococcus pneumoniae bacterium; BHI medimn; temperamre 
-HJ C; 3 mitial concentrations of the bacterial suspension within the range 12x 
10E6 CFU/ml - 29x 10E6 CFU/ml; after the absoiption the swab was stored in a 

stenle closed glass tube: 

The comits of bacterial colonies, cultured on a blood agar plate, remained mi- 
changed m the cellulose sponge swab for 96 houi^. In die contitil swabs the colony 
comils decreased already at 24 hours (Dacron® and Sterilin®) and at 96 hours the 
colony comits had dropped 5-10 times lower at the two bacterial concentrations 
used flian in the cellulose sponge swab. 
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Examples 

Conditions: Neisseria gonorrheae bacterium; BHI medium; room tempeiature; 5 
different initial concentrations of the bacterial suspension wilidn the range 1 7x 
10E4 CFU/ml - 6.2x 10E5 CFU/ml; afte the absorption of the sample the swab 
was stored in a sterile closed glass tube: 

The counts of colonies, cultured on a gonococcus plate, remained unchanged for 6 
hours in the cellulose sponge swab, at four bacterial concentrations, and at 24 hours 
the colony counts were less than 10 % of the initial colony count at all the bacterial 
concentrations. Wifli the Sterifin® swab the results were similar to those with the 
cellulose sponge swab. By conh-act, m the Dacron® swab and flie Transpocult® 
swab the colony counts dropped diamaticaUy aheady at 4 hours, and the bacteria 
had died at 24 hours at all the concentrations. 

Example 4 

Conditions: Neisseria gonorrhoeae bacterium; BHI medium; temperature +4 °C- 2 
different initial concentrations of flie bacterial suspension witiiin the range 1 *7x 
10E4 CFU/ml - 6.2x 10E5 CFU/ml; after die absorption of the sample flie swab 
was stored in a sterile closed glass tube: 

In the cellulose sponge swab the bacterium could be cultured on a gonococcus plate 
at botii bacterial concentrations at 24 hours and at one of the concentrations still at 
48 hours, hi the control sticks the culture was negative at botii concentrations at 24 
hours. 

Example 5 

Conditions: Neisseria gonorroeae bacterium, two culture media, modified Stuart 
and Amies charcoal; temperature +4 "C; 4 different mitial concentrations of the bac- 
tenal suspension withm the range 4.2x iaE4 CFU/ml - 5.0x 10E4 CFU/ml. 
At two bacterial concentrations the bacterium could be cultured ftom flie ceUulose 
sponge swab at 48 hours m flie Amies charcoal transport medium and at afl bacterial 
concentrations at 48 hours in flie Stuart medium. From flie Sterilin® swab flie bacte- 
num could no longer be cultured in flie Amies charcoal culture medium at 24 hours 
30 ttie Transpocult® swab in tiie Stuart medimn gave a positive result at flnee bacterial 
concentrations at 24 hours, but at 48 hours flie cultiires were negative 
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Oafans 

L A device intended for sample cofleclion in the diagnostics of diseases, the de^ 
vice comprising a stick (1) and, on flie outer surface of its tip, a porous part (2) that 
absorbs, preserves and yields fluid and any cells, microbes and/or the like possibly 
present therein, characterized in lhat the porous part (2) is a ceUulose sponge con- 
taining interconununicating micro- and macropores. 

2. The device according to Claim 1, characterized in that die distribution me- 
dian of the micropores is 5 - 15 pm and that of the macropores 0.4 - 0.9 mm. 

3. The device according to Claim 1 or 2, characterized in fliat the cellulose 
sponge part (2) is of cellulose sponge that has been pressure molded at tiie tip of the 
stick (1) and swells vigorously when wetted. 

4. The device according to Claim 3, characterized in that die outer diameter of 
the pressure molded cenulose sponge part (2) at the tip of the stick (1) is ^proxi- 
mately 1 - 10 mm when dry and approximately 2 - 30 mm when fiiUy swoflen. 

5. The device according to any of the preceding claims, characterized in that the 
stick (1) is many times longer than the porous ceUulose sponge part (2) which is at 
its tip and absorbs, preserves and yields fluid and any cells, microbes and the like 
possibly present in the fluid, and that die stick (1) is of a resilient material, prefera- 
bly wood, plastic or metal. 

6. The use of a device mtended for sample collection in the diagnostics of dis- 
eases, the device comprising a stick (1) and on the outer surface of its tip a ceUulose 
sponge part (2) which absorbs, preserves and yields a fluid-contaimng sample and 
contams intercommunicating micro- and macropores, characterized in that it is 
used for coUecting a sample fmm an infected area which contains sensitive mi- 
crobes, such as Streptococcus pneumoniae and Neisseria gonorrhoeae bacteria. 
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Figure la 



Figure lb 
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Rgure 2. BHI broth (N = 82) 
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Figure 3. Blood (N = 141) 
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